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Introduction
1
Filamentous fungi have the ability to produce a plethora of bioactive metabolites and enzymes 2 enabling them to thrive in competitive environments. Amongst the metabolites are not only 3 mycotoxins, but also compounds that are used as drugs e.g. the antibiotic penicillin and the However, at present, it is only few of these gene clusters where the compound produced by the 13 enzymes encoded by the gene cluster has been identified. Since for most organisms no or 14 inefficient gene targeting technology exist, it is often difficult to assign secondary metabolites to 15 specific genes in the natural host. This problem can be solved by transferring genes of interest to 16 a suitable heterologous host that provides a wide range of genetic tools for gene 17 characterizations. Considering the large number of genes to be analyzed, it is important to 18 develop high throughput methods that facilitate this process. 19 Preferentially, the foreign gene should be expressed from a defined well characterized location. 20 As compared to random integration this provides several advantages. Firstly, integration at a 21 random site may cause mutation or alter expression of neighbouring genes causing unpredictable 22 pleiotropic effects (3) . Secondly, since integrated genes are differentially expressed depending 23 on the genomic context at the site of integration it eliminates undesired positioning effects by 1 ensuring that the novel genes are integrated at a location that accommodates a high expression 2 level (28). Thirdly, it allows for comparative studies where the phenotypes of strains expressing 3 wild-type and mutated alleles can be reliably compared as the gene variants are expressed from 4 the same locus in the different strains.
5
A. nidulans serves as a widely used model for filamentous fungi and has been extensively used 6 for basic genetic research. Many genetic tools are therefore available including efficient gene 7 targeting in strains where the non-homologous end-joining pathway for DNA integration has 8 been eliminated (14, 16, 17) . However, compared to the yeast, Saccharomyces cerevisiae, (where 9 only 20 -50 bp are needed) gene-targeting substrates need to contain large, > 1500 bp, 10 homologous sequences to ensure integration at the selected locus. Accordingly, a gene targeting 11 substrate that contains an expression cassette and a selectable marker is constructed from six 12 pieces of DNA and often exceeds a total size of 10 kb complicating its construction (Figure 1 ).
13
Constructing gene-targeting substrates therefore constitute a potential bottleneck in a high 14 throughput gene analysis process.
15
Here we present a vector set based on the USER (uracil-specific excision reagent) cloning 16 technique, which allows rapid and easy generation of constructs for targeted integration and DH5α. Minimal medium (MM) contained 1 % glucose, 10 mM NaNO 3 , 1x salt solution (5), and 11 2 % agar for solid media. MM was supplemented with 10 mM uridine (Uri), 10 mM uracil (Ura), 12 and 4 mM L-arginine (Arg) when necessary. Solid plates containing 5-fluoroorotic acid (5-FOA)
13
were made as MM+Uri+Ura medium supplemented with filter sterilized 5-FOA (Sigma-Aldrich) 14 to a final concentration of 1.3 mg/ml. YES medium (yeast extract sucrose) was made as 15 previously described (8), and supplemented with 10 mM Uri, 10 mM Ura, and 4 mM Arg when 16 necessary. PalcA induction medium consisted of 100 mM L-threonine, 100 mM glycerol, 10 mM 17 NaNO 3 , Mineral Mix (1x), 2 g agar/l. PgpdA::lacZ activity was determined on MM medium 18 supplemented with 0.122 mM 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside (X-gal), 19 10 mM Uracile and 10 mM Uridine.
20
PCR and USER cloning. Amplification of DNA by PCR to produce DNA fragments suitable 21 for USER cloning was performed in 30 PCR cycles using proof-reading PfuTurbo® Cx Hotstart 22 polymerase (Stratagene) or PfuX7 (21) in 50 µl according to the manufacturer's instructions.
23
USER cloning was performed as previously described (22) Creation of a point-mutation in mpaC. Point-mutations in the DSL motif of the Acyl-Carrier-
20
Protein (ACP) domain in mpaC were created using a variation of the USER fusion method 21 previously described (10). The DSL to ASL mutation was obtained by USER fusing two PCR fragments generated by primer pairs (BGHA456 and BGHA297) and (BGHA457 and 1 BGHA296), respectively, using mpaC as template. Simultaneously, the fusion fragment was 2 USER cloned into the pU1111-1 vector fragment, which was included in the same reaction, see
3
Results and Discussion for further details. The DSL to DAL mutation was made in the same way 4 except that the two PCR fragments were generated by primer pairs (BGHA458 and BGHA297) 5 and (BGHA459 and BGHA296). The two mutated mpaC genes were inserted into IS1 using the 6 method described above. 
12
Fluorescence microscopy. Microscopy was essentially performed as previously described (23).
13
Images were captured with a cooled Evolution QEi monochrome digital camera (Media
14
Cybernetics Inc.) mounted on a Nikon Eclipse E1000 camera (Nikon). from IS1 was first visualized by growing NID192 on X-gal containing plates. As expected 7 NID192 colonies were bright blue due to β-galactosidase production whereas colonies from a 8 reference strain (NID127), which does not contain lacZ, were pale, Figure 2A . Importantly,
9
expression of lacZ appears stable over time as the blue appearance of colonies do not change Figure 7) . Importantly we note that given these experimental conditions 19 the growth rates of NID192 and NID127 were not significantly different (p>0.2) indicating that 20 insertion of foreign DNA into IS1 does not impair fitness of the strain in MM medium.
21
Inspection of NID257, which expresses RFP, by fluorescent microscopy reveals easily detectable
22
RFP distributed uniformly throughout the mycelia ( Figure 2B ). Similarly, RFP was also present 
Construction of a flexible USER vector set for gene analysis in Aspergillus nidulans
18
To facilitate exploiting IS1 as a convenient expression platform for foreign genes, we have free improved USER cloning system (22) . So far the set comprises six vectors, see repeats that allow pyrG to be eliminated by pop-out recombination (20) . In all vectors, the 3 terminator TtrpC is present downstream of the YFG integration site.
4
Using one (or more) of the vectors in our vector set, YFG can rapidly be introduced into IS1 in A. nidulans by performing four simple steps, see Figure 3 .
Step 1) the gene of interest is PCR The vector set is designed for optimal flexibility. Hence, in case other markers, promoters, test the robustness of our USER cloning based system for cloning and inserting YFG into IS1.
5
The large mpaC gene was PCR amplified as three fragments that were subsequently fused by constitutive PgpdA and inducible PalcA promoters, respectively. In both cases more than 50% of 10 the colonies had mpaC inserted between the promoter and terminator demonstrating the 11 efficiency of the construction part of the system. The entire mpaC was sequenced for both 12 constructs and no PCR generated errors were observed. Using the argB marker for selection, the bridge to the acyl-transferase domain ensuring that these two domains interact properly (4).
20
Therefore, the D1622A mutation in MpaC is predicted to disrupt MpaC activity. The creation of 21 the two mpaC mutants was as fast and efficient as cloning of the wild-type mpaC described Next we addressed whether the unique compound produced by NID211 is due to the mpaC gene organisms where the genetic tool-box is poorly developed.
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